One sentence summary: Implementation of a project-based learning methodology in a core subject of the Degree of Medicine (University of the Basque Country UPV/EHU) to involve students in research in the area of microbiology.
INTRODUCTION
The Degree of Medicine could be a good link between science and society among the studies of health professionals. However, this connexion has not yet been achieved successfully, mainly because of the medical education model. The need to redesign the professional education in health has been strongly recommended (Frenk et al. 2010 ) and the participation of medical students in research is one of the aspects that demand more attention (Simonson 2013; Amgad et al. 2015) .
Nowadays teaching education has evolved and new teaching methodologies have been introduced in the classrooms to supplement or even replace the lecture-based learning. In medical education, problem-based learning methodology has been widely implemented in order to apply the knowledge to the resolution of clinical cases (Wood 2003; Wylie and Thompson 2007) . Instead, project-based learning, more common in other higher education degrees as engineering, is not used as frequently with medical students. In fact, few reports about the use of this methodology in medical undergraduate studies related to research have been published, being the majority of them focused on analyzing the interest of the students concerning research (Burgoyne, O'Flynn and Boylan 2010; Siemens et al. 2010; Griffin and Hindocha 2011; Greenberg et al. 2013; Amgad et al. 2015) . In a recent study carried out in United Arab Emirates University the interest and valuable skills acquired by students of the second year of the medical program with project-based learning in the area of public health and health promotion practice was reported (Kershaw et al. 2017) . Other Universities have also integrated research in the curriculum as in Duke University, St Andrews (Scotland, UK) or in Netherlands (Burgoyne, O'Flynn and Boylan 2010; Laidlaw et al. 2012) . In Oxford, Harvard and Cambridge Universities there are well-structured courses that facilitate the students that want to do research in parallel with their studies (Burgoyne, O'Flynn and Boylan 2010) . In other cases the inclusion in the curriculum has been made by electives as summer courses or it's considered an extracurricular activity not involving in research to all the undergraduate students (Houlden et al. 2004; Laidlaw et al. 2012; Chávez et al. 2015; Garg, Goyal and Singh 2017) . The systematic review of the literature by Amgad et al. highlighted the higher knowledge and interest in research by medical students who had a previous participation in the field of research (Amgad et al. 2015) .
Project-based learning is a methodology in which students work in an autonomous way to investigate and respond to a real problem or challenge. This methodology has shown to be a good tool for acquiring a deeper knowledge of the subject, and other skills as teamwork, cooperation, critical evaluation of literature, make decisions or self-directed learning (Wood 2003; Holmes, Wieman and Bonn 2015) . The Degree of Medicine at the University of the Basque Country (UPV/EHU, Bilbao, Spain) includes a subject named 'Research Project' in which a project-based learning methodology was implemented. The aim of this work was to describe the design and implementation of this methodology to initiate medical students into research and to analyse its result along three consecutive academic years. The project is focused on the acquisition of learning objectives by the students; it has to be developed after reading a scenario in which the students find information enough to start working. Students have to work in groups, establish rules and come to agreements. They have to apply the theoretical information from the lectures to solve a real activity.
METHODOLOGY

Framework and participants
The subject 'Research Project' is included in the third year of the Degree of Medicine at the University of the Basque Country, UPV/EHU, and is taught during all the academic year. This is an interdepartmental subject, in which six different departments are involved, including the Department of Immunology, Microbiology and Parasitology.
This subject has associated six ECTS (European Credit Transfer and Accumulation System) distributed in four different teaching modalities: (i) lecturers (0.8 ECTS), (ii) computer practices (2.64 ECTS), (iii) laboratory practices (1.84 ECTS) and (iv) seminars (0.72 ECTS). The six departments teach one lecture each to the total group of students (two groups in Spanish language and two groups in Basque language with 80-100 students each). The teaching of the other modalities (laboratory, computer and class practices) is carried out dividing the total of the students in groups of approximately 20-25 students that are assigned to the different departments. In the case of the Department of Immunology, Microbiology and Parasitology, we had assigned three groups, two in Spanish language and one in Basque language each academic year, 2014/15, 2015/16 and 2016/17. Table 1 details the competences and their relationship to specific learning objectives and results. Overall, the main objective of the subject was to acquire basic skills for the design and development of a research project about biomedical topics, as well as for the scientific communication of the results obtained. The subject initiated the students in the process of research, identifying the steps required to develop a project based on a viable idea, looking for project calls, writing a project proposal, carrying out the experiments and analyzing and presenting the results in the student congress that took place at the end of the course.
Competences and learning objectives
The existence of a real congress introduced the challenge and the motivation for the students to get involved in the work in order to present an innovative and successful project. The presentation of both poster-type communication of all the projects and oral communication of some of them provided the experience of a real activity.
Design of the methodology and evaluation
The project-based learning methodology was designed for all teaching modalities (computer practices, laboratory practices and seminars) except for lectures. Several activities were conceived to fulfil the different learning objectives. Table 2 shows the subject schedule along the course.
Objective 1. Identify the steps to carry out a scientific research
The proposed activity to achieve this first learning objective was carried out in the first session and reinforced with the rest of the activities throughout the course. The teachers presented the scenario (see below), from which they had to extract the different learning objectives and identify the steps to develop their research. The task proposed were: (i) analysis of the project scenario and identification of the variables involved; (ii) creation of working groups of four-five people and establishment of operating rules for a good organization and functioning (meeting minutes, critical incidents, conflict management, reflection on the efficiency, group evaluation and member co-evaluation) and (iii) identification of their knowledge and limitations, as well as the steps to develop a scientific project.
Scenario
'A research team from the University of the Basque Country (UPV/EHU) in the area of medical microbiology has selected you, together with three of your classmates, to be part of it. The line of research consists on the study of the influence of the potential pathogenic microorganisms present in our organism, or in places or products of daily use, and their repercussion on human health.
The leader of the team assigns you the work of devising a topic of study within this line of research, based on your experience. In addition, you have to write a good project funding proposal to be able to obtain the funding for carrying it out. The leader also tells you that the research team holds regular meetings to know and evaluate the work, comment on results and solve doubts.
This research team has a relevant standing within the international scientific community due to its scientific communications in congresses and papers published in high impact journals. The leader tells you that the next event on Biomedical Research, in which the team would be interested in participating, will be held in May at a congress organized by the UPV/EHU. In this congress, high quality works are presented in different areas of Biomedicine and a committee of experts supervises and selects the most relevant ones to be exposed as oral communications'.
Objective 2. Obtain and critically evaluate published scientific research from appropriate searching sources The task proposed included on one hand the identification of information searching sources (library, databases and searching resources of internet. . . ) and, on the other hand, the evaluation and selection of the appropriate biomedical information, especially on the internet.
Objective 3. Identify and understand different call for research project
Each member of the group had to search for information about one research project call (European, state, regional or from the university) and then share this information with the rest of the group members.
Objective 4. Devise the topic of study After doing a brainstorming, each group of students had to come up with an original research idea in the area of medical microbiology and then present and discuss it with the other groups.
Objective 5. Apply the research to the study, prevention and control of diseases The activities proposed for objectives 1 and 4 include also this objective. The project had to be focused on the study of potential pathogenic microorganisms for a better understanding, prevention and control of the human diseases.
Objective 6. Write an appropriate project funding proposal Students had to apply for a specific call previously designed by teachers; writing it, the students had to demonstrate a critical evaluation of literature and critical reflection skills essential to design a viable and novel project.
Objective 7. Carry out the basic laboratory techniques to develop a research work in the area of medical microbiology Students had to design the experiments based on the techniques learned in previous subjects related to microbiology. The work carried out in each laboratory practice and the results obtained were collected in a laboratory notebook.
Objective 8. Analyze and present the research results
Once the students finished the laboratory work, they had to analyze, organize and discuss the results among the members of the group.
Objective 9. Prepare a contribution to present the results of a research project in a congress
Students had to present the results of their projects in a real congress held at the end of the course. They must show written and oral communication skills preparing an abstract, a poster and an oral communication. The abstracts and posters were revised between the groups to obtain the final version. All the oral communications were presented to the rest of the groups and one was selected for the congress. The students also worked on the communication skills in the first period of the subject with the presentation of the project funding proposal. Before finishing the subject, the students had to write a final report of their projects to show and discuss the most relevant results of their work. This activity includes several learning objectives: 1, 2, 5, 6 and 8. In addition, all the activities carried out throughout the year must be compiled in a unique document, the portfolio of the project, which must include the following documents: project funding proposal, laboratory notebook, abstract, poster and the final report.
The research project culminates with the congress of students of the Degree of Medicine at the end of the course.
The assessment criteria to score the subject are detailed in Table 3 . The final mark considered the scores given by both teachers and students. The teachers assessed the assistance, the work performed in the classroom and the files delivered; while students assessed the work of each member inside the group using an individual questionnaire. In addition, both teachers and students scored the two oral presentations.
Assessment of the methodology
An anonymous satisfaction survey was carried out to gather the students' opinion. This survey was conducted in order to identify the aspects considered of greatest interest by the students about the project developed and the methodology used.
The survey consisted on five sections. The first one corresponded with the students' general assessment of the methodology and a justification of the answer. The second section consisted on a question about how much the students thought this methodology had helped them learning the subject compared to the traditional methodology. The third section included a question to assess the help offered by the teachers. The fourth section consisted on a question to know if they would change anything in order to improve the methodology and another one to know if they would choose this methodology in future subjects if possible. Finally, the fifth section included 14 items to score from 1 to 4 if they strongly disagreed (1), disagreed (2), agreed (4) or strongly agreed (5).
This survey was sent to the students after finishing the subject each year, in three consecutive academic years, and the results were analyzed.
RESULTS
After three academic years (2014/15, 2015/16 and 2016/17) implementing project-based learning methodology in the Degree of Medicine, the experience was considered excellent by both students and teachers. This methodology always induced an interesting, dynamic and high quality teaching and, students were motivated and felt control over their own learning process. A total of 44 projects were carried out along the three academic years: 13 projects the first academic year (eight in Spanish language and five in Basque language) and 15 the following two (10 in Spanish language and five in Basque language, each year). A total of 173 students took part, 117 in Spanish language and 56 in Basque language.
Achievement of the learning objectives
The evidences collected throughout the subject highlighted that students reached the proposed learning objectives. During initial phase of the project, which was executed in the first fourmonth of the course, they were able to identify, after reading and analyzing the scenario, that the first step to carry out a research project was to request funding. The activity of learning the different funding calls was a success; the students took the responsibility of looking for the information, and of analyzing and synthesizing it for a better explanation to their group-mates. One important step was to come up with the topic of research; each group of four or five students had to devise the topic of study and search for information in resources commonly used in science, both in the library and on the internet, such as Pubmed and ScienceDirect. Each member of the group showed its own ideas and they had to discuss and to come to an agreement. After a critical evaluation of literature, they started formulating the hypothesis and designing the experiments. The teachers work consisted on clearing up doubts and guiding them in the process as needed. The project funding proposal reports were scored twice, initially and after a teacher revision. The revised version improved with respect to the initial one from two to three points (out of 10) in the mark, with final averages of 6.5-9, respectively.
In the intermediate phase of the project, corresponding to the experimental work in the laboratory, the students showed full involvement; each member of the group took the responsibility to succeed in carrying out the experiments and getting the results. In this phase, teachers focused on questioning and guiding their proposals. The report corresponding to the laboratory notebook was always scored with values higher than 7 out of 10.
Finally, during the final phase carried out in the last months of the course, each group analyzed critically the results following the scientific method; and once again, the teachers provided support to each group. The reports of abstract and poster were Final report is compiled in a portfolio together with the other files delivered.
corrected by peer review between the different groups previously to be scored by teacher. These versions were notably better than the originals, which indicated the success of the students' comments. All the students worked hard and actively in class and all the groups managed to write high quality reports getting excellent marks, higher than 8 out of 10 in all the groups. At the end of the initial and final phases, each group presented its project to their classmates, and both the teachers and the rest of the groups scored it using the same rubric. In general, the marks given by the students coincided with those given by the teachers. Overall, the oral communications of the final phase were better organized and explained than those of the initial phase, and therefore, the marks were higher. The assessment of the individual work carried out anonymously by each member of the group revealed who worked less and who more in each group.
Overall, the final scores of the subject were good with marks higher than 7 out of 10. A total of 13 scores were obtained for each student which allowed obtaining a more accurate mark of the project work. The 80% of the scores provided from teachers and the remaining 20% from students. The work schedule was well defined in each phase and there was a higher proved criterion to evaluate the results obtained.
Assessment of the methodology by the students
Regarding the opinion gathered by the students, the overall assessment was favourable.
The approach and development of the subject was very positive throughout the three courses. All of the students considered that it was a satisfactory experience and that in no case helped them less than the traditional methodology in achieving the learning objectives. They referred that the guidance provided by the teachers also covered their needs and the majority of the students would choose this methodology instead of the traditional one (Fig. 1) .
Students also assessed positively the use of the methodology in most of the aspects analyzed (Fig. 2) . The less favourably scored aspects were those related to their application to professional practice or real situations. Students referred more implication and commitment in the subject, and a greater capacity to interpret the results following the scientific method. Their enthusiasm for the subject increased as they worked through it, and many students agreed in referring a better understanding of the different steps necessary to develop a research project, which was an unknown aspect before the study of this subject.
They stated a greater interest about research than they had before coursing this subject. The vast majority of students considered that the congress held at the end of the course was very appropriate in order to carry out the project that they themselves devised.
DISCUSSION
In Europe, The European Space for Higher education established certain criteria regarding the skills that graduates should have, and that are also mentioned in the Tuning Project. Among the skills it is included 'the ability to apply scientific principles, method and knowledge to medical practice and research' which means that research-related formation should be included in the medical undergraduate curricula (Frenk et al. 2010; Berkhof et al. 2011; Laidlaw et al. 2012; Ghaffarifar et al. 2015) .
Different ways of including research in the medical curricula have been described in several works; for instance, in the United Arab Emirates University, Duke University, Oxford, Harvard and Cambridge different subjects were scheduled to work research skills (Burgoyne, O'Flynn and Boylan 2010; Laidlaw et al. 2012; Kershaw et al. 2017) or even offer other activities designed to involve in research the undergraduate students interested in (Houlden et al. 2004; Laidlaw et al. 2012; Chávez et al. 2015; Garg, Goyal and Singh 2017) .
In the Faculty of Medicine and Nursery at the University of the Basque Country, UPV/EHU, we try to pursue these skills working on them in a core subject, 'Research Project', included in the third year of our medical program. It is a key period where students have previously studied the two main subjects about microbiology scheduled in their curriculum, included in the second and the third year, respectively, and where students are trained to apply the concepts and basic techniques in microbiology. They also have an additional subject named 'Introduction to Research', it is a core subject of the second year, in which they learn to follow the scientific method. In this work, we describe the project-based learning methodology applied in 'Research Project' subject for integrating research into the curriculum of the Degree of Medicine, with special remark in the field of microbiology.
This subject was designed in detail to be taught mainly in class sessions of 2 h that was time enough for effective team-based learning sessions; shorter time could be insufficient to be profitable as has been reported by other authors (Kershaw et al. 2017) . In this learning period, students received information and guide to understand the basic concepts of research and developed well-designed projects that allowed them to approach research and motivate themselves, with a special mention to the congress where all the projects were presented. The acquisition of writing and oral communication skills helps them to develop their professional work more successfully (Berkhof et al. 2011; Simonson 2013; Ghaffarifar et al. 2015; Holmes, Wieman and Bonn 2015) .
The evaluation performed to assess the subject was proved to be successful. The scores of the different parts of the research project provided a global vision of the work and assured the acquisition of learning results and competencies. The assessment was more complete by integrating both teachers and students marks. The feedback with the students was helpful to conduct a better analysis about the work carried out by each student. The reports corresponding to the different steps of the research project were delivered to assess and compiled all of them in a final portfolio which allowed having a more accurate and clear global vision of the work done. The elaboration of a portfolio has also been well evaluated by other authors who considered this tool a good assignment to consolidate their knowledge (Laidlaw et al. 2012) . Summative assessment was well defined in order to detect the skills acquired. For teamwork assessment, peerreview and self-evaluation questionnaires were effective. The practice in making decisions developed in different aspects of this subject is also an essential factor in the success of their profession (Holmes, Wieman and Bonn 2015) .
The survey carried out in this study directly examined students' perception of the project-based learning methodology applied. The majority of students reported a high level of motivation and good relationship with a real professional practice. A key aspect of this subject is to develop the research project they have themselves conceived, and to celebrate the congress at the end of the course where students present their scientific project, and report their findings through abstract and oralcommunication formats. The fact of publishing their results is an attractive and motivated challenge that encourages both individual and teamwork (Amgad et al. 2015) . Students consider research a necessary requirement in their future careers but declare a lack of time and limited experience (Ángel-Isaza et al. 2010; Laidlaw et al. 2012; Ortega-Loubon et al. 2013; Chávez et al. 2015) . Actually, in the recent years, there has been a decrease in the number of medical graduates that want to do research (Houlden et al. 2004; Ángel-Isaza et al. 2010; Chávez et al. 2015) . Therefore, to include this kind of subject within their curriculum helps them to feel more comfortable in the research area, and self-confident to identify the scientific procedure and to break new ground involving research in their professional future. Apart from including a core subject in the curriculum, the design of a summer extracurricular course was also reported as an effective alternative in research induction (Simonson 2013; Chávez et al. 2015) , but does not involve all the undergraduate medical students. There are evidences that students with a research experience during their training acquire knowledge and skills in this field that allows them in their future work to develop scientific projects successfully (Ángel-Isaza et al. 2010; Murdoch-Eaton et al. 2010; Berkhof et al. 2011; Laidlaw et al. 2012; Ortega-Loubon et al. 2013; Amgad et al. 2015; Chávez et al. 2015) .
For a future challenge, in the same way that was mentioned by Chávez et al. (2015) , it would be interesting to monitor the real impact of this positive effect achieved introducing undergraduate students to research, and to see if students that studied this subject get really involved in research activities during their professional career.
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